SUMMARY Forty four consecutive infants aged from 3 days to 10 months underwent repair of total anomalous pulmonary venous connection using deep hypothermia with circulatory arrest. There were eight (18%) early hospital deaths. Using multivariate analysis no significant association could be shown between early mortality and age or weight at operation, preoperative pulmonary or systemic pressure, and preoperative condition for patients undergoing operation during the most recent five year period. Late pulmonary venous obstruction developed in four (11%) of the survivors and all of these patients died. One further case also included in the previous report,"3 with infracardiac total anomalous pulmonary venous connection occurring as part of a complex malformation associated with the asplenia syndrome is excluded since the operation was an attempt at palliation rather than correction.
Total anomalous pulmonary venous connection is a relatively uncommon cardiac malformation representing less than 1% of all congenital cardiac anomalies. 1 2 Without surgical treatment, the mortality within the first year of life is high,3 and those who survive may develop progressive pulmonary vascular disease.45 Early surgical intervention is therefore indicated in the majority of patients. Successful surgical correction was first reported by Muller in 19516 and subsequently others described their experience in the surgical management of this lesion, using either hypothermia with inflow occlusion,7 or standard cardiopulmonary bypass.89 It is only with the adoption of deep hypothermia and circulatory arrest, however, that satisfactory results have been achieved in infancy. 10- 1 3 In this paper, we review our experience during the last 12 years of single stage correction of total anomalous pulmonary venous connection in infancy using this latter technique.
Patients and methods
During the period January 1970 to December 1981, 44 consecutive infants under one year of age with total anomalous pulmonary venous connection underwent *G P Piccoli and F Musumeci were supported by a grant from the National Heart Research Fund.
Accepted for publication 13 April 1982 single stage surgical correction at the Royal Liverpool Children's Hospital, using deep hypothermia and circulatory arrest. Four infants who were operated on in 1970 and 1971 using standard cardiopulmonary bypass and previously reported13 are not included in this report. One further case also included in the previous report,"3 with infracardiac total anomalous pulmonary venous connection occurring as part of a complex malformation associated with the asplenia syndrome is excluded since the operation was an attempt at palliation rather than correction.
The patients are grouped according to the site of pulmonary venous connection (Fig. 1 
regularly with a follow up ranging from three months to 10 years (mean 5*1 years). One child (case 5, Table) required a second operation to close a residual atrial septal defect and a second (case 6, Table) has had a second operation to close a ventricular septal defect. A further five patients have been investigated postoperatively (Table) . Four have a good haemodynamic result but one has atrioventricular block and one had a transient pericardial effusion at the time of investigation. Two of these patients were investigated because of a slight suspicion on clinical grounds that pulmonary venous obstruction was developing but these suspicions were unfounded. Pulmonary venous obstruction has not been identified in any patient as a later postoperative complication. The last patient (case 11, Table) has a residual atrial shunt after repair of a mixed type of total anomalous pulmonary venous connection and will need a second operation in the future.
The remaining patients are clinically well with no abnormal signs in the cardiovascular system other than wide splitting of the second heart sound and mild cardiomegaly on chest x-ray.
Discussion
Before 1970, the surgical mortality for correction of total anomalous pulmonary venous connection in infancy was significantly higher than in older patients and some authors regarded young age as a major factor in determining early mortality. 1 Conversely, we have experienced a relatively high early mortality among patients with the intracardiac type of the anomaly, a defect which in other hands"' 1220 carries a low mortality. The number of deaths in each series, however, is small and many deaths were related to factors individual to each patient rather than specific for a particular anatomical type. For example, two deaths in the present series and two deaths among the patients reported by Whight et al. I I were mainly the result of avoidable technical errors unrelated to the particular anatomical type present. Reviewing the combined recent experience of the groups in Auckland, Boston, and Birmingham, Katz et al. 21 concluded that anatomical type was not a determinant of early mortality except in the case of patients with the complicated mixed type of total anomalous pulmonary venous connection. Our results show that an early mortality of less than 15% should be expected in patients with the supra-and infracardiac types. Others" 1220 have shown that a similar or lower mortality can be achieved with total anomalous pulmonary venous connection to the right atrium or coronary sinus.
Though late mortality after correction of total anomalous pulmonary venous connection is low,23 in many recently reported series there has been significant mortality and morbidity associated with the development of pulmonary venous obstruction. "I 20 24 Four (11%) of the 36 hospital survivors in our series developed this complication, all within three months of the original operation. In one case, the main reason for obstruction appeared to be related to shrinkage and thickening of a synthetic Dacron patch, but in two cases, one with supracardiac drainage and one with the coronary sinus type, obstruction developed at the orifices of the pulmonary veins at a site remote from any suture line. The cause of obstruction in the fourth case was not determined. Though pulmonary venous obstruction has been described in patients with total anomalous pulmonary venous connection before surgical treatment,3 there was no evidence of this in any of our patients. Similar findings have been reported by other authors. Both Turley et al. 20 and Fleming et al. 24 reported cases of infradiaphragmatic total anomalous pulmonary venous connection developing pulmonary venous obstruction at a site proximal to the original anastomosis. In the study of Whight et al. " three patients with total anomalous pulmonary venous connection to the coronary sinus developed pulmonary venous obstruction, caused in one case by thickening of a pericardial patch and in two further cases by partial obliteration of the ostia of the pulmonary veins by fibrosis. Surgical treatment of pulmonary vein obstruction is difficult"l20 and the problem may recur even after apparently successful reoperation.20 Its occurrence is unpredictable and though it appears to be more common after repair of the infradiaphragmatic type, it is by no means confined to that group.
Several approaches have been used to gain optimal exposure of the anomalous venous channels in supraand infracardiac total anomalous pulmonary venous connection. Throughout the 12 year period, we have used the left anterolateral thoracotomy advocated by Roe.'5 It has been suggested that aortic cannulation might prove to be difficult using this approach and that cannulation of the descending aorta might be necessary.'5 With trans-sternal extension of the incision, however, we have not found this to be the case. In our experience, the left anterolateral thoracotomy gives excellent exposure of the left atrium and common pulmonary vein and facilitates the construction of the largest possible anastomosis in spite of the small size of the left atrium in this anomaly.25 26 If necessary, the incision can be extended onto the left atrial appendage which is usually of relatively normal size. 26 We have not found it necessary during this 12 year period to enlarge the size of the atrial cavity in any patient either by using a patch or by moving the interatrial septum to the right. No problems with kinking of the anastomosis have been encountered and pulmonary venous obstruction at the suture line has not been recognised as a late complication in any patient with these anatomical types of total anomalous pulmonary venous connection.
Several 16 in 1972. Though the procedure was 253 originally devised to avoid damage to internodal conduction pathways, its main advantage appears to be the avoidance of prosthetic material within the atrium of a small infant. In view of the problems encountered after patch shrinkage both in our patients and those reported by Whight et al., . this advantage appears to be considerable. We have used this method in three recent cases with mixed type total anomalous pulmonary venous connection predominantly to the coronary sinus and intend to use it more extensively in the future.
The role of balloon atrial septostomy in the management of the infant with total anomalous pulmonary venous connection remains a subject for debate. Left heart filling in this condition is entirely dependent on a right to left atrial shunt, and the atrial septum may be a site of obstruction even in patients with no pressure gradients between left and right atrium.26 Balloon septostomy has therefore been recommended for all infants with total anomalous pulmonary venous connection as a means of palliating the symptomatic infant.27 28 Patients with pulmonary venous obstruction are unlikely to be benefited. The procedure, however, may be helpful in infants in whom the pulmonary venous return is unobstructed, pulmonary artery pressure is less than half systemic, and postponement of operation for a short period is desired. Whight et al. "I have drawn attention to a possible disadvantage of balloon septostomy in patients with total anomalous pulmonary venous connection to the coronary sinus in whom the Van Praagh technique '6 is to be used for repair, in that closure of the atrial septum may be easier if the fossa ovale is intact. We have used balloon atrial septostomy in nine patients in an attempt to improve left heart filling preoperatively. Though it has been suggested that septostomy may be difficult in total anomalous pulmonary venous connection,27 using biplane screening facilities, the procedure has not been accompanied by any morbidity in our patients. We do not, however, regard this procedure as a substitute for urgent surgical treatment in the majority of patients.
Our experience with the management of infants with total anomalous pulmonary venous connection during the past 12 years suggests that the best results are obtained when referral to a specialised paediatric cardiac unit is made as soon as the diagnosis is suspected, preferably during the first weeks of life. Since surgical mortality is not correlated with young age, operation should be performed on an emergency or semi-emergency basis as the patient's condition demands. Unnecessary delay is likely to lead to acute deterioration particularly when pulmonary venous obstruction is present. The long term results and excellent health of the surviving children are just reward to the medical and surgical team who accept the considerable challenge which these seriously ill infants present on admission to hospital. 
